Complex multiple arteriovenous fistula (AVF) of the scalp is an extremely rare disease and the traditional treatment is either endovascular embolization or surgical resection with preoperative endovascular embolization. Here, a 34-year-old male with pulsating mass and multiple tortuous vessels in front of the left tragus and scalp who was diagnosed as complex multiple arteriovenous fistula of the scalp is presented. Nearly total surgical resection of the lesion without preoperative intervention was performed. The deformity appearance and the buzzing sound in the patient's left ear were eradicated after operation. Therefore, surgical resection without preoperative embolization is still a promising method to treat complex multiple scalp AVF.
InTRoduCTIon
Arteriovenous fistula (AVF) of the scalp is a rare disease that was first described by Hunter in 1757 (10). It is commonly divided into two types: congenital (13) and traumatic type (12, 13, 18, 19, 26, 28) . The latter one is the most common type and mainly results from head trauma or iatrogenic reasons such as craniotomy, infusions through scalp veins, and hair transplantation (1, 8, 13, 24, 29) . The main signs and symptoms of a scalp AVF include pulsating scalp masses, headache, allodynia, hemorrhage, cutaneous necrosis, epilation, and tinnitus (2, 15, 31) . In this paper, a case of a diffuse scalp AVF involving multiple scalp vessels was presented. Its diagnosis and management are extensively discussed with a detailed review of the relevant literature.
CASe RePoRT
A 34-year-old male was admitted because of a pulsating mass in front of his left tragus for 10 years. He had noticed the mass immediately after someone kicked his left temporal region when he was 24. The mass has grown over the years from the size of a soybean to the size of a big thumb. Many tortuous vessels emerged around the lesion resulting in a Medusa's hair-like deformity. The patient also experienced a continuous buzzing sound in left ear that had caused insomnia in the last 2 years. Physical examination revealed a pulsating serpent-like mass of 3 cm × 12 cm in size along the course of the left superficial temporal artery accompanied by multiple tortuous vessels ( Figure 1A-F) . Compression on the proximal end of superficial temporal artery could cause partial shrinkage of the distal mass and decrease in the bruits. Computerized tomography angiography (CTA) (Figure 2A dISCuSSIon Scalp arteriovenous fistulas are rare lesions that mainly develop due to head trauma. STA is one of the most common vessels involved because of its long and relatively superficial course in the scalp (17, 21) . Once the STA is injured, an abnormal communication between arteries and veins would appear. This lesion would receive more blood volume from the abundant collaterals in the scalp, resulting in a progressive venous dilation (11) . Eventually, the remarkable tortuous subcutaneous vessels can create a severe scalp and facial cosmetic deformity. Some patients may suffer from murmurs, trembling and headache that can be debilitating and annoying. However, this condition is not life-threatening (4).
The diagnosis of a scalp AVF is based on a pulsating mass in the scalp with bruit and thrill, and a typical AVF manifestation in DSA. The indications for the treatment are cosmetic deformity, tinnitus, pain, skin erosion with the possibility of rupture in the lesion, and high-output cardiac failure resulting from arteriovenous shunt. 
ConCluSIon
Although AVF is not a life-threatening lesion, treatment could help patients to improve their quality of life. Surgical resection without preoperative embolization is still a promising method to treat complex multiple scalp AVF. Careful identification, dissection and complete resection of the abnormal vessels are the key points for the cure of the complex multiple scalp AVF. The treatment of a scalp AVF usually includes endovascular embolization by itself or combined with surgical resection (Table I ) (3, 5, 6, 7, 9, 11-16, 19-21, 23, 25, 27, 30-34) . In our reviewed literature, the common treatment of a complex multiple AVF is either endovascular embolization or surgical resection with preoperative endovascular embolization. Embolization is a less aggressive method and consists of injecting a liquid agent or placing a solid emboli at the junction of the feeding artery and the draining vein (4, 33). However, Luessenhop found that the risk of recurrence after embolization was high as this method could not deal with all the pericranial vessels (22) . Moreover, there are many other complications after embolization such as the pain at the fistula site, tenderness and hyperemia over the skin, necrosis over the lesion, escape of the embolic material to the circulation, and permanent patchy hair loss that may not improve and lead to cosmetic problems (1, 15, 17, 21) . Therefore, subsequent surgical removal of the embolic material is necessary in many cases.
Surgical resection of a complex multiple AVF may be difficult regarding the primary closure and scalp necrosis. However it has been proven to be an exact and effective treatment with obvious improvement of deformity, low incidence of complications and recurrence if neurosurgeons make a meticulous plan (11) . In view of this, we chose direct resection without preoperative embolization. We designed the incision according to angioarchitecture features provided by CTA and DSA. To avoid torrential hemorrhage, we dissected the huge dilated vessels patiently and carefully as we were cutting the scalp. To ensure a complete resection, both the ligation of proximal feeding arteries (21) and the resection of the draining veins were very important. During surgery, we also found numerous small tortuous draining veins and feeding arteries in the subcutaneous layer of the scalp and these were not detected by preoperative CTA or DSA. The involved vessels were too diffuse in the left scalp, and we therefore separated and ligated these abnormal small vessels instead of resecting the overlying skin and flap transposition or skin-grafting.
Eventually we sutured the flap in situ. Our experience is that dissection of these superficial vessels should not be too close to the skin to avoid buttonholes to deface the appearance. The vasospasm after surgery is another problem that may lead to the false assumption that a total surgical resection has been done (4). Angiography should therefore be performed a few 
